In this paper we present the implementation of definition extraction from multilingual corpora of scientific articles. We establish relations between the definitions and authors by using indexed references in the text. Our method is based on a linguistic ontology designed for this purpose. We propose two evaluations of the annotations.
Introduction
The use of definitions plays an important role in a number of scientific disciplines. The complexity of some domains raises the necessity to develop tools for the automatic annotation of information relevant to definitions. The growth in scientific literature production leads us to propose new tools for text navigation and quick access to the textual information.
In this paper we explore a new way to extract definitions from scientific text corpora by establishing a relation between the usage of a definition and a cited author.
In section 2, we describe the elaboration of a linguistic ontology, based on the analysis of multilingual corpora. Then, the identification of indexed references is used to establish the relations between authors.
In section 3, we explain our implementation. The goal of our system is to provide to the user the possibility to clarify a notion and its usage in a given context from a terminological or conceptual viewpoint. This means that we need to maintain the link between the extracted definitions and their contexts, in order to provide access to the argumentation in the text. The user can thus visualise the context in which the term in question has been defined. Section 4 shows the results produced by the application. In section 5 we discuss the problem of the evaluation of the semantic annotations and propose two types of evaluations: one by the precision/recall measures and another by the Cohen's weighted Kappa coefficient.
Finally, we conclude by a discussion of the perspectives for the utilisation of this tool.
Methodology
We propose a method for the identification of definitions and also for the identification of relations between authors. This approach allows us to associate a definition to an author and to establish a link with other texts that could interest the user. The system allows a fully automated text processing, which comprises several stages.
Protocol
Our protocol is as follows: first we carry out the identification of the sentences containing indexed references, by using regular expressions. Then, we annotate the definitions in the sentences identified in the previous stage. Finally, we extract the definitions and create indexes for the information retrieval. The results are stored in a database. Different types of visualizations and information retrieval are provided by our webbased interface.
Multilingual Corpora
We have constructed multilingual corpora, in order to create our linguistic resources organized in a linguistic ontology. The corpora comprise mainly scientific texts and articles available online. The French corpus consists of texts from several scientific reviews (Intellectica, ALSIC, TALN, IRISA) and six PhD theses from the domains of Linguistics and Computer science. The articles in English corpus are from Nature, Journal of Cell Science, Biophysical Journal, Proceedings of the National Academy of Sciences, The Journal of Cell Biology, and others. French  205  119410  English  116  38378  Total  321  158788   Table 1 : Corpora
Corpus Texts Sentences
In table 1 we present the sizes of the corpora. In order to ensure compatibility with the tools of segmentation and annotation, the corpora have been converted into text files. The sentence counts are obtained after the segmentation, which will be detailed later in the section 3.2.2.
From a legal point of view, texts can be cited freely, even if under copyright 1 , provided that the following three criteria are respected. Firstly, citations must be short: our interface provides output in the form of text segments corresponding to sentences. Secondly, the purpose of extraction must be infromative, such as in the case of information retrieval. Finally, the source must be mentioned.
Moreover, we establish a relation between the definition and the cited document or author through the bibliography. This stage is important for the creation of an author network.
Definition Ontology
This section describes our linguistic approach and the construction of an ontology for the annotation of definitions. The method we present is based on enunciative discourse considerations and a corpus analysis, through which we construct an ontology by abduction.
Linguistic Analysis
We can examine a definition sentence by studying the relation between the definiendum, what is to be defined, and the definiens, what defines it. This linguistic study of our corpus has led us to a better understanding of the distinction between a definition and a definatory characteristic, which has been taken in consideration for the construction of our linguistic resources. We define a definatory characteristic as a sentence that gives only some essential properties of the defined object. We have distinguished three categories of definatory characteristics: identification, determined categorization and pseudo-definition. We have also considered two sub-categories of the definition: general definitions and axiomatic definitions. The full ontology that we have created contains some further sub-categorizations that are presented on figure 1.
The categorization in this linguistic ontology is based on an analysis of the types of relations. Here we will describe briefly the differences between some of the categories that we have retained.
Firstly, it must be noted that in definition sentences, apart from the relation between the definiendum and the definiens, there exists a second relation, which is between this first relation and the agent who established the definition. The presence of this agent is not always manifested in discourse and sometimes there is no actual trace. In the case when the agent is present in the text, we can speak of a contextualised definition, because it is often marked in the context by a deictic, which is limited to a domain or to a period in time, or else introduced by a passive construction or 'on' in French.
Secondly, we have axiomatic definitions, which are utterances expressing a primary truth.
Finally, there are cases where the author uses a reported definition. In these cases the enunciator can 1 cf. CPI art L. 122-5 choose whether to attest the definition or not, in order to use it in the elaboration of a demonstration, or to introduce a new notion. This type of definitions takes part in the text evolution by means of modalities and we speak of committed definition.
The objective that we have fixed is to extract definition sentences, in which the definition is explicitly attributed to an author or another work, cited in the text. We will also call them signed definitions, which correspond to the category of Reported Definitions in our ontology. 
Indexed Reference Identification
The method that we propose is based on the indexed references in the text which point to the bibliography as define in [1] . More precisely, the indexed references allow us, in the case when we identify a definition in the research scope determined by the segmentation, to link this definition to the author cited in the text. The theoretical framework as well as the experimental procedures for the indexed reference identification are described below.
Bibliographic International Standards
We have considered several norms for bibliographic references, namely the norms ISO-690 and ISO 690-2, which are the international standards from the International Organization for Standardization, as well as the French norms AFNOR NF Z 44-005 and AFNOR NF Z 44-005-2.
In practice the norms are not rigorously applied by authors of scientific texts. For this reason, a method based only on the norms described above is not sufficient to carry out the text processing on a large scale. That is why, although the identification of the indexed references may seem trivial at first glance, a large number of morphological and syntactic variations must be taken into account. To illustrate this complexity, here is a list of forms that we have extracted from our corpus: (Hoc, 1990a), (Thom, 1970 
Finite State Automata
Although the identification of indexed references has been approached by Citeseer, we have developed our own module. In fact, at the beginning of our work such modules were not available 2 . The specificity of our module is its capacity to identify also the author names which can appear in the forms. The classification that we use has been published in [2] .
We identify automatically the indexed references by the use of Finite State Automata (FSA)
Identification of Known Named Entities
The identification of an indexed reference can become difficult because of the presence of named entities in the reference. The named entities are the more complex part of the indexed references and introduce considerable complications in the FSA due the various name morphologies in different languages. Figure 2 describes the implementation of a solution which improves the system performance, through the utilization of author names, that have been already identified by the system, as part of the regular expressions. In fact, by using some data already existing 2 The source code of the Citeseer module has been recently published on http://sourceforge.net/projects/citeseerx/. The identification module is based on a Perl module from CPAN, which parses documents using regular expressions.
Fig. 2: Indexed reference identification with Named Entity extraction
in the bibliographic databases, we can generate certain forms and limit the noise in the more complex forms. Moreover, this approach permits some extensions of the method: we can consider new sentences for the signed definition extraction through matching not only indexed references, but also author names in the text that can be cited without bibliographic links.
Semantic Annotation

Annotation Tools
Definition identification is traditionally based on pattern matching, as for example in [11] . These approaches are used for the development of platforms such as TerminoWeb 3 of the National Research Council Canada.
Different approaches are possible for the semantic annotation. Among the tools that we have considered we can cite the GATE 4 platform [12] based on machine learning algorithms, generally used with JAPE [4] , and the work of Xerox Concept-matching, based on XIP [10] , a morphosyntactic analyser
In our work we have used the Excom platform [6] , which implements the Contextual Exploration method [5] . This is a decision-making procedure, presented in the form of a set of rules and linguistic markers that trigger the application of the rules. They are applied to the segments containing indicators. The indicators are linguistic units that carry the semantic meaning of the categories for annotation. After the initial identification of the indicators in the text, the rules carry out the localisation of complementary linguistic clues which are co-present in the context of the indicators. After the verification of the presence or absence of the linguistic clues, the rules attribute a semantic annotation to the segment.
In our approach we consider as a working hypothesis the fact that in a scientific article the information related to signed definition can be found in the textual space close to an indexed reference, and more specifically in the same sentence. Our aim is to limit as much as possible the noise in the annotations, to be able to obtain foolproof matching between authors and definitions.
As we need to be able to disambiguate the linguistic forms according to the context, in order to limit the noise as much as possible and to deal with polysemy, we have chosen the Contextual Exploration framework as more adapted to our approach. For this reason, we have used the Excom annotation system 5 .
System Overview
Here we describe in detail the main stages in the text processing, that we have divided into a four-stage process. The overall system pipeline is presented on figure  3 . Fig. 3 : Stages in the automatic processing
Preprocessing
The initial corpora being in PDF format, in the preprocessing stage the files are converted into text format. This is necessary because the next stages in our processing, namely the segmentation and annotation, need full text access to the corpora. The converted files are in the UTF8 encoding which permits the processing of different natural languages.
Segmentation
In the second stage, we segment the corpora into paragraphs and sentences, in order to prepare the input for the annotation module. The quality of the segmentation is important for the overall system performance, as the segmentation provides the text elements to be annotated. The segmentation is carried out by the SegaTex module [7] which we have chosen for the reliability of its results and its capacity to process texts in both English and French. This module takes as input text files and returns the segmented files in the Docbook XML format, with paragraph and sentence elements. This format is compatible with the annotation module.
Semantic Annotation
We will therefore analyze the discourse forms which are to be found in the text space close to the indexed reference. The semantic annotation is carried out by the Excom module which takes as input the segmented files as well as the linguistic resources that we have constructed. According to our protocol, we use two types of linguistic resources: regular expressions for the identification of the indexed references and contextual exploration rules for the annotation of definitions related to the ontology presented above. In the output, the identified indexed references are present as new elements and the annotations of the definitions are added as attributes to the relevant XML sentence elements in the corpora.
Interface and Navigation
We have developed a web-based graphical user interface, using the technology Apache/PHP/MySQL. The annotated corpora are imported into a database designed for this purpose, which contains the annotations and the text segments, as well as meta-data related to the files. The Definition Extraction Interface (DEI) permits the visualization of the information in the database, and different other functionalities that we will describe here.
The most important functionality of the DEI is the information retrieval among the annotated sentences. In the initial screen, shown on figure 3, the user can formulate a query by using keywords 6 and eventually restricting the search to a specific set of corpora. The results are presented in the form of a list of sentences, together with the annotations and links to the initial texts. We can see that the first and the second examples are general reported definitions.
Results
Evaluation and Discussion
Precision and Recall Measures
The first evaluation consists in measuring the accuracy of the retained indexed references, which have been identified automatically by the regular expressions. We have used the precision/recall measures [9] which determine the capacity of the system to correctly identify textual segments containing indexed references. Table 2 We consider that these results are satisfactory. It must be noted that there is very little noise which means that almost all of the identified indexed references are valid. On the other hand, the value of the recall is also very high. The several percents of indexed references not identified by the system are due to the various orthography rules for the names in different languages, as well as the presence of commentaries in the indexed reference itself.
Cohen's Weighted Kappa
The problem we have to consider is how to evaluate the semantic annotation which is by definition qualitative in nature. The test Kappa (K) proposed by Cohen [3] and developed by [8] provides a method to measure numerically the agreement between two or more observers or methods in the case when the judgments are qualitative in nature. We have adopted this method for the second stage of our evaluation.
Table 4: Evaluation Results
In order to carry out the test, we have constituted a base of annotated text segments and these segments have been evaluated independently by two human judges. The judges had to classify the segments into two categories: correct and incorrect. We have used a set of 50 sentences for this evaluation. Table  4 presents the results. For the Cohen's Kappa we obtain: κ = 0, 6515, and therefore we have a subtantial agreement, according to the interpretation in [8] .
Conclusion and Future Work
We note that according to the evaluation the system gives satisfactory results, which validates the linguistic resources and the definition ontology in our approach. Throughout the process of annotation and exploitation of the results we maintain the links between the extracted sentences and the original texts which makes possible the visualization of the context of each definition. The evaluations confirm the relevance of this application. However, we are not yet able to predict the result on a larger scale and on corpora in other domains. In the future we will extend this approach to the processing of bigger corpora in English and in French as well as other natural languages.
